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Reversed air staging - a method for 
reduction of N 20 emissions from 
fluidized bed combustion of coal 
Anders Lyngfelt*, Lars-Erik Am and and Bo Leckner
Department of Energy Conversion, Chalmers University of Technology, 412 96 Goteborg, Sweden 
(Received 22 September 1997; revised 22 December 1997) 
Reversed air staging, a method for reduction of N 20 emissions, was studied in a 12 MW circulating fluidized bed 
boiler. The effect of combustor air-ratio, bed temperature, load and limestone addition ratio was investigated. The 
results indicate that if only the air distribution is changed, the emission of N 20 can be decreased to one fourth 
compared to normal air staging at a temperature of 850°C, with maintained low emissions of NO, S02 and CO. With 
increased bed temperature, 870°C, in combination with increased limestone addition, from Ca/S molar ratio = 3 to 4, 
it was possible to reduce N 20 by 90 vol% with low emissions of NO, S02 and CO. The method was less efficient at 
low load, because of the lower cyclone temperature. Also the effect of redistribution of some of the air added in the 
cyclone outlet to the cyclone inlet was studied. This did not, however, give any improvement in the boiler used 
compared to adding all of the air in the cyclone outlet. There was no significant difference in combustion efficiency 
between reversed air staging and normal air staging. © 1998 Elsevier Science Ltd. All rights reserved 
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INTRODUCTION 
N 20 is involved in both the greenhouse effect and in the 
destruction of the Earth's protective stratospheric ozone gas 
layer. Flue gases from fluidized bed combustion (FBC) of 
coal have significantly higher concentrations of N 20 than 
other combustion techniques and may, if not abated, 
constitute a problem if the use of FBC becomes widespread. 
The discovery of high N 20-emissions from FBC has 
launched a considerable research effort and the knowledge 
in t?e are_a is ac�umulatin� rapidly. Important results are
available m the hterature1- 7. 
Most of the work published is concerned with the 
understanding of formation/destruction mechanisms, 
although some work has been initiated on methods for 
N20 reduction
6• 18• 19. 
The two major parameters for controlling the environ­
ment in the combustion chamber of a fluidized bed boiler 
(FBB) are temperature and air supply. Air staging, i.e. 
primary air ratio, has only a small effect on N 20 
emissions16 . However, it is well known that N20 emissions 
can be decreased by either increased temperature or by 
decreased air-ratio. The problem is that these two 
parameters also affect NO-emission, sulphur capture and 
combustion efficiency. The situation is summarized in 
Figure 1, which shows the effect of increased temperature 
and increased air-ratio (more oxidizing conditions) on the 
emissions of NO, N20, S02 and CO. (The latter also 
represents the general effect on combustion efficiency.) 
Normally, the N20-emission cannot be significantly 
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decreased by re-optimizing the operation of a boiler because 
of the adverse effects on NO, S02 and combustion 
efficiency. Thus, the problem is not really how to reduce 
N 20, but how to reduce N 20 without introducing adverse 
effects on other emissions and combustion efficiency. This 
means that a simple re-optimization of operation para­
meters, such as temperature and air-ratio, is not sufficient to 
solve the problem of N 20 reduction in FBC. 
Two methods for N 20 reduction, afterburning and 
reversed air staging, have been studied in a 12 MW 
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Figure 1 The optimization problem of fluidized bed combustion. 
The effect of changing temperature and air-ratio (oxidizing/ 
reducing conditions) on various emissions and combustion 
efficiency is indicated 
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